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(54) DRIVER'S CONDITION DETECTOR 

(57)Abstract: 

PURPOSE: To surely detect an eyeball whether it is in open eye 
condition or close eye condition and shorten the processing 
time for judgment of an open or close eye by providing a 
driver's condition judging means forjudging the condition of the 
driver, based on the pattern of an open/close eye detected by 
an open/close eye detecting means. 

CONSTITUTION: This detector is provided with an image input 
means CL1 for inputting the face image of a driver, a binarizing 
means CL2 for binarizing the face image being inputted from the 
image input means, an eyeball existence area setting means 
CL3 for seeking the eyeball existence area within the binarized 
image, and an eyeball detecting means CL4 for detecting the 

yeball, based on the continuous black picture element in 
longitudinal direction within the eyeball existence area. 
Furthermore, it is provided with an open/close eye detecting 
means CL5 for detecting the open/close eye of a driver, based 
on the number of continuous black picture elements of an 

yeball being detected, and a driver's condition judging means 
CL6 judges the condition of a driver, based on the pattern of 
the open/close eye being detected by this open/close eye 
d tecting means CL5. 
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Wm^e-S 2 154 



fc«BB##ft««Rje#a£, «HEIB*#«E«*rt-«K 
BBK« tt!^ax*«iW £ *tfcBI!B!BB*v<* - vdg^T 

**«f4, «rtE^»**a-e»*sttfc««rt-c, iff 

[§jt*«3] BtrlEBHHBBttai^afi. ffirlEMRHfeli* 
j|«||feB*co**»SrH:tfc L-CMHlBSrftffl-rs C t & 

»ffl^a-e*m *ttfeHBB^«dS3f^m^Jij»«t ufe 

[OOOl] 
[0 0 0 2] 

tt, WiM¥3- 1 9 4 6 6 1 -^«{ria«s^fc 
<fc5ftfc<0a*S>£o z.tLfr2fcfcLttmfe&<Dmm&L$: 
ffi^t, 31te#coiBds*>S«iHS:«ttJ««^ LTt^i 
«rt-CBBo*a:»SlJ«rtfcffl-t-Sri:^J:or. bOZnotk 
ffl«*^e>*te#^MIWBBS:*J«L. HE#0>ttft«rtt 



[0 0 0 3] 

brtt^0B(7)feE^4:^J^fUfc9XX% ^^ffifflO^c/htc 
2»kSttfcSli«d^ 1^2 OcoMA(^MBBNPic^$ 
ftSK«t*#^^\ raHo«B-«D«5<t5Jw2«[ 

[0 0 0 4] £ £>lw, kLm&<n&m^3bf^X, tttMtf: 

©Sf7 ^ T'PMi^M A Xfi^*^, ^CQMAX 

fc„ lfciSo-c*^ii, C(^)J;5ft«*oBgiH^CIw« 

ttu-c*. aa^jM9^ft^©ae»«)«i8ftw« 

[0 0 0 5] 

^i^tifcj®iii^^:2fii:>fbi-6 2{i:{b^acL2<h. 2ffi 

ft*ttfcW«rt^Bfi*#4««*«*SBB*#SE««» 

30 ^fiCL3h SfriEBfi*#ffiffl«rt-c«*rRi^)^«tJil 

feiB*lwX^^TIB**«ffli-*IK38Wm^ac L 4 

ae^HHBBSrfttUi-^BBBSBBtfta^aCL 5 ^ 
BBWBB*a^a^fflS^HHBB^<^--vjw3£^^ 

[0 0 0 6] 

[fWBl 2«tM«<OBB«^«*rt*K*lRl^3fe3lEL 

t, mmm&mm*mm^zzt\z£<>x$m&&m-r 

40 BflBBJRIi^WBBHfcffi^Mc^^^-ffltll^BB* 

bb ^toj s n z> t>* b . mmm i - Ktttt m asfrft fc>n * 0 

[0 0 0 7] 

»C#^*BlJ:fil*tTBB»H--5*^M»^ h^i £ N - 
t^ItA^fl^C LU lTOCCDTV^^7 3 
50 tlX\t^Z> Q wltZBftM* ha^l ^TV^^73|j;^^ 



(3) 



4#BB¥6 - 3 2 1 5 4 



[0 0 0 8] ^3 0A^HJ^fiIH3{^^:$^5 

£5lw> « (X) ft 5 2 0 HI?!, (Y) ^fpj 5 0 0 
Hi*** h ft 9 , «*ffi] tw«Sl55W s I 5 tfV > o tf ^ d ft £ J: 
5twUA?&sBJS*n-Ct^o TVj;^7 3(:il »S£ 

iMx®t^y9«^, A^mit^-^dsftjtt 

£;ft,So pfffe^y 9 Kite, HB*#«Effi«aSlHlK l l 

OlB3*#ffi{4««^lHlK 1 li-«J*S^T. BH3K«IUi[ll 

6, 0coNinilB¥J9Jls]BSl 5K:*5^-<\ ±i:ttffljtifc 
BB#7*- * ^6 BBlfi«lB*^ffllB«ffi*>j5S2pJWr 3 ix3 0 r 
<OB)HBB<ottR^bJSK?)*iJ3eia«6l 7^*5i^raMB# 

1 7ftWnffl*S*tT«3i$tt6 0 

[0 0 0 9] lifflmmz.&ft%^W<DW*ft<0*4 is^u 

hn^lOi*i:^iLtTV^^73li«J;oTj|igf 
^<&W«asA/DX«|[ll&7 
"C-r ^^/uff-^-t^^^ttT. l 7 u— A^A^Hjflfc 

£ U^r^/S3T»^y 9tw>f&*ft£*L 
5 0 b^^-{f-^-^o~2 5 5<7J>2 5 6Rm<Z) 

^^^/^-^J^jftS^ T2 5 5J . #1 

t^B^ri* roj ktstix^&o ^r^S2, S3« 
[ooio] »«y*y 9{w»»stufcA^®<fe^-^ 

f±. m*#&tsmMj£mt6 i imtti9 5&*n. x^y^ 
-c#5<t5* 0f^u#i/^-e2ffi^bsttT. 2»m 

fi&J (X, Y) Mi6f)ix5o 2ffl>ft:ilj^J (X, Y) 

fp] (x^fft) ©«*5J:t«IK*rti (y*ipi) «)*B*sst3es 

*t£ 0 ^7 2/^3 4 2fiftf L 2 $rM t 

ti^o ^f^S5, S5' *sflHHR£¥a 

Sr. S6. S6' ^MBCfStriAt, W#-CBB# 



[0011] BB3*#£te@3i£[I]&& 1 1 -CBB*#ffi«« 
tiWfcZtiZk. 8cfcx^y:/S 7\zjs\,*X* IBXtttti 
(eJftS 1 3 in J: <9 , IIB*^««rt^<o|(E*lRl<Oig«*fe 

r^8t\ MHUWBiJlBlK l 5l:*i^tl#^»« 

SttTHBBBBdstftUlSixSo ft^f^Slt^^- 

10 [0 0 12] MHK<0«»fc*>fcoTf±, £i*;fcffl|0)BB 
*#ffi««^IB3(tr-^fcHII!Kl^ftoTBf««>*# 

- * ^ritk ^ffiRS £ BB WIBWBr^fTft *>*l 
T, x^s^S 9lc#5 0 :fc<WOBB#?S£««<aBB*^ 
-*<Dmt&'b £ l * fc # I*. &lw#fflflOBB##ffi««tf> 
BB*7*-*fcHs«S*u JiE«{k:<o*:#vM5 5(©IB3«# 

*Sffftfo*V^« ^tt^fy^S 9iw^^T, -blwtfettJ 

SixfcWHiB<o^— ^e>eiR«j*j*ia»i 7-cjHe 

»HlfaCL4Sr, ^r^SK S8^HKBfi»tb^ 

[0013] ifcMx^s^s 5. s 5' <7>i¥Seasig5. 
or% fe^r^^^^^^ffft^n. i«*^fRi^* 

&YmM&4 Otdirs/ h £;ft,5 0 ::*UiY=0 — 4 0<7> 

30 ~C\ [H 7 (ciTj^i-J: M^O** (XJ^g=2 5 0) 
^-b«:&*SUfitn«jHefeBiRStWX C L *5<fct/WX C 

1t^^6 a ^T^^S 1 0 0 — S 1 0 2&$&W<DmWt& 

Wfttfe^«IH8. H9tcJ:i9«j*i-So 

[0 0 14] m^X**ry?S 10 3T\ tE^<om^& 
&mm$k<Dft& 2 oo J; ^^cti^^f^s^ais/^ Stt 
40 6 0 fflS-^/I, Bfi«*l5ft^fiq9ElwJ: «9 Sfe^-^^ii 
«^3EWrSttT±IE(DftdS2 0 0^TT*fce*&ic«, 
^^^/^S10 4T% feS^^^WLCONioJ;^ 
t^!)^WRCON, ^77^STFLGL 
*3j:r)*K£77^STFLGR^^y7Stlt, ^T 1 

[0015] t£&o>mm&&mjHk<Dfn& 2 0 0J:^ 

W77^0KFGL^ts/ h $ ttTl/^^^^^ y 
^ Six. irs/ hSiiTi^ft^fy^S 1 2 0£JI» 
50 ^*«3«*«La— »So fe««jS»B79^0KFGL 



(4) 
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KW«>*alE9-f ^c*5»t5itl«RMAE L k<Dm&l 0 

0 8, 1 0 ST^^^WiiigSfeliiWXCL^ft 
[0016] XTy^S 1 1 OXfls £>-^W 10 

1 1 1 X^f77^STFGL^t s/ h 

iy^l 1 2X% &<7)^SfeIij*iSWXCL^frfc:{-M 
AELt £;ft,£ 0 

[0017] *^y:/s i o 6-e***6fe®9R»:wxc 
l £ atroD^-e^igjBtStM A e l *>&&s i o «Jtx*>o 

SilWrS^ *^3^S 113-sn 9«»a^» 

[0 0 18] ^i^^s^S 1 1 3X\ tE^fe^^^S 
TFLGL^x5/^$tl, C<OiitteftiB*ft*S*:# 

hS*LX^fc*Stt, ^ry/Sl l 4 -eigJttMlRftds 

S 1 1 SMilA/X. $UE\7u—<DXTy7S 1 0 8 XE 
«£*tfcXffi«Xl JE«>5 0 so 

[0 0 19] ^f^l 1 3T«e^ItW^#< 

fcSi^ttflmB, BW»«B»*^**« 

J^y^S 1 1 6^*5^>X. ^(Hlco^^jjSa^iiJlg 
»dSWIeJ03feaEO*jRafe®aiJfeJ; 9 5 0J^_b^/>LX 

[0 0 2 0] 5 0l^±«*O»^l4, (tKM^jfi«)tU^ 40 
»»^&IIJW©*>-5SB»«)3^E^»ofct><©i: LX, 
^^s/^l 1 8^iiA/X^[eI(7)3fe3K^l«^XLS:«60 
^i^6o LT^r^^S 1 1 5 X ^fctt^r 
y^S 1 1 8t®^*g^fc^lt &tf>;*^ 
^Sl 1 9 -C&«i8^Hi77 ^OK'F G L y b 

£tiit±xx j r*y7 t s 1 2 o^aitfo ^y^iie-e 

X, XI , X2 , WLCON, STFLGLWD7S 50 



tlfc^X^S 1 1 

[0 0 2 1] ^"ryZfS 120^S121 Xtt, 
<7Xfc{ffl|^o^XO;*^s/:/S 105-S119 fcRlflW^ 
UX BIR^flflt-o^xltWjB^ffltt^JK^j;^*! 

[0 0 2 2] ei±<DtiimffiXy L yT'S 1 2 2i3<J:TJ ? S 1 
2 3{ZLX*). «SO^«jS»tfl77^0KFGL, 

OKFGR^BJ^tty hStu-Sd^ 

m&n. tzmx-texi . X2 ir«^^tx mmi^w 
xfixxi , xx2 L,xmm&&m*$<omm 

[0023] Y^fa<Dmmmm<ni£mmTLti 

^7y/S 1 2 4tt;[:S 1 2 6 TOlf ilfe 
*T<oiHljfiCtWa7 9^ds-fey h £*ix^5^7^>f^<ib 
*K h S^t^i^»^l«ti?^r S 1 2 
5. S 1 2 7^*5l^X. *(7)^7^yS 1 0 2XEtS£ 

«XS«XLM, XRM«:«tfXfefc*B£S«>*o 

X#ir>^— =XC =XLM+ ( (XRM-XLM) X 
2) 

felfilS*#«E««c^«lXffi«=Xl = XLM 
£IMI*#ffi«**>*«X*K = X2 =XC - 2 5 
*iSBS^#ffi^«cO&fiijXM^ = XXl = XC + 2 5 
*IBIS3*ffffi««0*fi!lXffi«=XX2 =XRM 
KrvZfS 103-S1 1 2 3ftS»WO*3£»lfttjU^« 
^ ^7^/^5106, S 1 1 3. S 1 1 4^$p^^ 
3IKtt*JK*»*r, ^LWfy^S 115-3127^ 

ws»«fasr«*tti^ 0 fc*ru ^7^512 

[0 0 2 4] StrfBO^^y^S 1 0 1 , S102(I|Dit 
V > V ^tffiXlgXLM^X 
RM<Z>Ettf:£[£l8. m 9 {^-rSEttXfT^t>tt^o ttTxE 
co J; ^l-^T^y^S 1 0 OX. *K*rn]tf>*3lEY*B«S4 
OttyhSttSi, 8:l^f5/7 p S 2 0 2t% ;fc«HR 

Xffi«XL^*tt5RXffi«XR{^«Sr|p]^«ai3feaEH*& 
7>fy^XJiIfi2 5 O^tl^tb^ v h £;ft<5 0 ZCO 

xffitMt: (=250) te. B7l:*Sii5 X 5fc, *W 

fiIffi^ [ t I i:SSt57>f>'ir*felti^, 
[0 0 2 5] ^{C, ^iry^S 2 0 3X#«3eW*T:7 

7^0KR^ti/ KSttXt^^^Bj^^tt. ir^y 
h$ixri^(f7f>7/S2 i lJ^^MffifeWt^i;: 

2 0 4x\ mm j (xr, y) asaa^a^H-s&tu 

e^^rtfi^^^^S 2 0 5*J<tt/S 2 0 6 x^iRmm. 
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iU^tJ (XR, Y) &&T~f£\t^k%\Zte, *7 L y'7S2 

«L ^77/3 20 8^ ^lkXm^X\s^ttMffi& 
^^fitXRM^^[Hl(7)*^XR^it^$n6o C-X 

*TyZ?S 2 0 9(r^o^TXR^ff^^^ X RM<Jr 

[0 0 2 6] i5^l^f^/S 211-S217t\ _hf£ 10 

^f^s 20 3-s 2 0 9 tmmn&mtmwzLimz 

X^y^S 2 1 4t'ftSXlgXL^l)yF^^y^ 
^"ry^S 2 1 7X;£{I!jfEt§^k^XLM<*: 

dSJff fc: X L M £ £ *L £ X£> 6 o 

[0027] —zxni^y^ ^xttts&frm&zri. * 

f^S2 2K^J77^0KL, OKR^ 
fr±y b£tifztm\&£titzM&te. ^f^S22 2 

V T ^jftfc^ ^T5/^S 2 2 3t*t 20 

[0 0 2 8] ^±t^J;<9, ^©(D^IJ^^^^ttU^ 
2fif>fffl^(Cjo^TM^CD^^^^^^bXfife 

^ft^5C^^T*#6o 30 

[0 0 2 9] ^-f (D^Ty^S 6&£tfS 6 ' 

^«(D*{|!JXM^X2 d>6 1 0 h;fc«k -t*^^*>X 

2 -loiM^u £<0ffi«a*&«#ft (x*rS]) 1- 

X2 -9 OStWttHfco^T* ftfU^YlSYL 

y b<DWMX-mff£tlZ>* YlgYLIil^iffi^ft 40 

Lxtra«^*«iBB*#ffi«*eo&iiflxffi«xxi 

1 0 Yy h*ifk t4fc%XXl + 1 OSr^/Si: U £ 
OffiB^e>«*fp] (X^TfpJ) {-XXI +9 0^TOii 
i^^T x YJffi«YL^?>OOMSrlK^|n]_b^3fe2ES 

[0030] zmmttmmmmnwife&mnnmte 
mtifimi i . hi 2, mi 3\z7ft£tiz> 0 

^^^^^^-TYI^^OS^fifcD^^U^^B Y 1M so 



AXjoJ:t;BY2MAXWf^0i:^y7^ Xjjfa 
^«lttJl6H^^^V^XCHECK^X2 -10C, 
4 fc Y^r6KO*5WBH«3e* ^>?YCHECK^YL 

[0 0 3 1] ^LT, ^"ry^S 3 0 2 X% X*f6j^ 
i®lI^^y^XCHECK^X2 -9 0£ilT^ 
fcfbS. Ctt«X*fp]^i--<T«l3RLfc^5^ 
«r«8U-*"*t©-e*>S 0 ^^XM^tOft^Tl 
T^fel/^Pflfi^^s/^S 3 0 3trifi^ 

^BLACK, igSfeli^^y^WHITE, 1 

»B<0*«fcfc 2«s<ajRtttt£<amiHdsi 0 Ky b£A 

±fc5-i:^t77^WH I TE F L^J:t/l#@^) 
7BYlib^t/BY2^^yr$tl5o 

[0032] ofii, ^^^^s 3 o 4x&mmm&m 

fr&frfrf^y? £tl^ m<30tB'&teX : Tv7 P S 3 0 5X 

3 0 6 tl^MIi^ I) V ^ B L A C K^^ ^ V 
bTy^£tl% 0 ^Lt, ^y^S 3 0 7Jd*30^T. 

^JRHfeffi*^/ * >^ b L ackco^; >^y Mfia s i x£> 

fcxa>*¥UBrUTi^5o hffij&si 
^S3 0 8t, Y^^$eiif^^y^YCH 
ECK^^h^fcMI^ IS«WfT-fiY 
tt, SETYClE«SttS, i"^*>, HI 
lO^ic r i j -e^S^YMWdSEttStbSrirJcft 

[0 0 3 3] o#*C *^s^S 3 0 9X% iS^H^I® 

s 3 i oicai^-ei#a<D»««»m7 9^FL 1^ 

y b ZtlXh^Zfa&frtim^htlZa 77^FLl^t 
y h $tbX\t^Wbi<tZ* **ryZfS 3 1 1— 1 

# g <Dmm%z<D&j<m3zi&/< ^tbyicsety^ 

6o j e^P>^fy7 p S 3 2 8l:jo^tYlgYC^ 

[0034] ^T^7 P S310t'77^FL 1 7^4? > h 
§jh/C^£»&te:te, ^"ry^S 3 1 2^m/wX\ 7? 
^WH ITEFL^ty hSfrX^ad^jto&S^s^ 

WH I TEFL^ty h ^ntt/N^^ ##12#g(0*fB 
«c^^dHLfCw^{-^6 0X% ^fy^S3 13l:*5^ 
X 2 # g <aJR«tt<att*mElft'-< S/7 7 BY2|:SET 

Ynmmxztix&'gtsixZv -ftefrh^ 0ioW: 
T2j -e^*tt*Yffi«*s«*Stt-5ii:li:*4 0 
[0035] ^7i/7 P S3 1 2t'7 7^WH I TEFL 



(6) 



#i¥6-3 2 154 



B^*««^IIBIK*S|fc<W#oJSd«W»^ftu^fc LX, 
x^^S 3 l 4^tt^ ffUBlRojlSRft^ 5 o Ks/ h 

77BY2^U7Sti5 0 5 0 

^l±^fyyS3 2 8^a^ YS«YC^!>y 

[0 0 3 6] WIE^^y^S 3 0 4 ^*5^T«k*lB*^ 
Q-e*>5i:#^tt, ^xy^S 3 1 6—ilAyXji^ilfe 

3 1 7tl#i(Dlg»ttl77^FL 1365*2/ h**t 

Stltl/^^fc:^ Xry^S 3 2 8^gt, — o_h<7) 
-frfctt^y^S 3 1 8— it^.. ^jRafeiSlB^^^^ 

wh iTE^!)y hr ^/^^tt^o 
[0 0 3 7] &^rs/ys 3 1 9 -e*i 6618**5 1 o 
Ky hKJtjgaEUfc^ffd^m^feix, 1 0 h£JLL 

BOWSrtfeaUfcfc^i: UT. ^f^7 p S 3 2 0X 
77^WH I TEFL^ir^/ h £ix5 0 £ tw&^T 1 

y^S 3 2 1 X\ &fel^8 0 ha±*Kuta* 
S^tfSW^btu 8 0 h^JiMttL Jl^fe 

2 T 2 # g <Dlf«(Z)**ttEi/< y 7 7 B Y 2 ^ ^ y 

[0 0 3 8] SMi^8 0K7h^iigUl/^^ 
#£\ fc^l/^fy/S 3 1 9X~&&mm& 1 0 Ky 
KKii^LT^fcV^frfrfctt. ^y^fS 3 2 8— it 

[0 0 3 9]—*, l#li2tl©S«lSoiI*i 
lt^m^$/77BY l^it^BY 2<Dffi£q§£ 
^7^^5 3 2 3, S 3 2 4(w^o^T. /<y:7 
7BY1 ^£X(~fHlt£;ft,7t 1 # g ^m^«<OS 

l^Ofi^BY IMAXi: UTSatftSttSo *^X*x 
^^S 3 2 5. S 3 2 6fcl*5VT* ^< :7 r B Y 2 (D$£ 
ir ^ £ XtCfEtg £ ttfc 2 # g (DmSScOS^ffiB Y 2 M 
AX^^JttSE^tV, i^#l^f^BY2MAX^ 

LXiEte£*n,6 0 Wxil Hi oiwfe^Tfi^Affito 

rij ©YIS^BY 1MAX£ UXfElt£*U fcW<D 
T2j (DYMS^BY2MAX^ LXfEt6£it£ r tin 
45« 51-LX, lSI^SS«^*TjfiBYl 

M A X £ 2 # g <Z> JMH«<0*T/£ B Y 2 M A X # jfcg £ 
tlSo 77 P S 3 0 1 - S 3 2 6 
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[0 0 4 0] o#*i^. BBtt0^ft<att#&90itt&lc9 

[0 0 4 1] ^i* ^r-y^S 3 2 9t^iot^T, 2#gCD 
m®*^S^Cffl[|Elt^< 5/77BY2 Hfi^AoX 1/ ^ ^ 
10 ff^^* y^S^, ^t^iaSCXHl&^mtf)YJ& 
SBYH«feibWc 2#g(Dm®*^* 

*maf*^< y77BY2 * < , 1 « g <o»««c<o 

A^rttfElft^ ^7/BY 1 (T^j&Sflt Sr#f 0X^6 
IS. *7"v~f3 3 0X% 
BYH=BY 14-10 

tZthZ* 2#g(OBM«c^*^:fifEtS^^^r BY2 
^ffldS*>6t#ttx ^r^S3 3 1X\ BYH = 

(BY 1 + BY 2) /2 
k£tlZ>o 4*5^«>a-ett % BYH^BY 1 ^BY 2 CO 
20 ^M^UXI/^^ BYli:BY2^Bl:ffifit^ 
Xfc*U£f£;tX&£ 0 

[0 0 4 2] rco^ Xf5/7 a S 3 3 2iIio^X, life 
W^O^^ft^^ ht^MI^^^BLACKX 
^JJT^ ^7-^S 3 3 3, S 3 3 4 XElBffi» 
CfflttXC = X2 N YC = BYH^St$tlSo 
^f^yS 3 3 5X% (XC, YC) asjUXfcS 

^S^W^PjttSo 1^(^x^/3 3 6X1^ 
li^^^BLACKX^ VT yZf^tlfz.^ 

*fc*-efti^4:#ri*^**. ^fy7 p 3 3 7iiitfo 

30 ^7^3 3 7 Xte, W*ffi«d5^flyBB*fiqa£ffl*S{C*3 
^XfiXC = X2 H^^hT^^ ^"ry-y 
S 3 3 8X% I14(OJ:5li, B»JdS«t&lRj (X* 

Id]) tlXXl Srtt^S^Xtt^Lfc^^aiy^ StV, 

XC^xxi SriB^.5*-e«*lR]36*7-< V±<D®#«| 

[0 0 4 3] l*<o**9-f ^o**35S|»Ti-Si:, * 
r>7 7 P S 3 3 9^^X, MIi^!)^BLACK 

*!>^BLACKXOfi^3*S!(D^#ll BI^** 
40 a©7l/-A^aj^fct©^UX, ^fj/7 P S3 4 
0 fcfc^TIMfc* L# ^ ME G O F F ? > h T 

[0044] rtta*. xtt*rD]^t6Hrt<^-t~-<x<DSS 

#|pJ*SE9-f f(D&m&&t>Z> C l:ffftoX»Tt5 
^f^7 P S 3 4 1 il^^X, ISiSU^y^ME 
GOFF^W5^IiXl>^^«^f)^ Bg 
tiU^y^MEGOFFOl^ 5 J: 
ft. IBtt*a>ttXW«fc^fc<a£ LX, ^7i//S34 2 

50 ^Yli^iT^BYlMAX^S^lLX, 8B3tjf 
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YT = BY 1MAX-4 0 
YB = BY 1 MAX + 1 0 

[0 0 4 5] BMiU^y^MEGOFFtOf 
#5 «fc!0/h$iM»*l£«:, flBaftS:a*ttT^S t L 
T, ^T^^^S 3 4 3JCill> 0 r.^-e(i2#g {ci^tbu 
fdf^YMl<7)tT^BY2MAX^Sf(lLt, 
iS^#^Ell«c^Y^^. 

YT = BY 2 MA X — 4 0 10 
YB = BY 2MAX-I- 1 0 

[0 0 4 6] \^Ai(D^m^\mm^^mm<Dmmm^. 
[0047] £x±.<d£?\^ mmmfexa, 2&<omm 

^ttoT**4:fT5 J:5fcbfca*&. (I^Sot^S 

[0048] z<a£5iz\^xKmztiitmmF&. 
mmz*srtz>x'r*y7s 7 <Dm&&m<nmmi^^xm 
W1-% Q &«ioBB*#ffiffi«fwoi/>-cti. bb 

*ffft««c«0*ffl|Xffi«X2 ^io**f6] (x^r^) twX 

1 ^t^gl^UT, tt*BH*6^Yffi«YBd>?>«£frrR] 30 

±Jj (Y^rfij) kyb-5 o*-e«af£*u rtutffltfr 

*-e«rttH^L-C. RSHwttKStt^o Z<DffitMDmU 

t>m 15, gi 6\z^k^ti^> 0 

[0 0 4 9] £i\ ^fi/7 P S4 0 1iIiQ^X, x^rft 
^$ttl<Z)l^ >)y^XECHECK^X2 Y 
#fn]fl>tft*<ffiH«S;fr !)^YECHECK^YB 
SB^bStts ft*aiK#feiiJiBfRB L ACKEMAX^ 
})T£tlZ> 0 }lk\^ XTyy>S 4 0 2XXjjft<Dfemtfc 40 
il^^^XECHECK^Xl J: D/h^^^^ 
^S^^s/^SttSo Z.tlteXjjfa\ZLl\,^X't'<X&m& 
»TL^5^Sr*JS'Ji-6tWC*>S 0 X^fp]±T(Ott 
»TLt^^m *^y:/S 4 0 3liliiA/T\ 
!RfcfeX*[|Otft^<Offl^iiSR»feK***tB l/crt^ 

^t77^EBFL, mmB^mm^m^^t^ 

t77^EWFL, SSttafiJ^lt**^* BLACK 
Ex IMfi^li^ !>y^WH I tee^^ y r^ix 

60 

[0 0 5 0] &.<DXTV7S 4 2 1X\ Y*h<Dmm$)M so 
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<DM&n. mte¥mmfmmmft\^A<>x\,^i>v>k 

S4 1 8£&T, &<DX(*0>»*fc:#S o ttSRlOffiliriR 

^afe<o^^fi^7 t y^4 0 4(witA/T% jg^e^®^ 

^f^7 P S 4 0 5^gt, *^s^4 1 2Clig^ jgjj^ 
MfeiBKtO^^EB F Ltf)i?;y b^Mffi^^^^ £ 

[0 0 5 1] 77^EBFL^ts/h$iXtl^^i 
^7 7^84 1 6 fliefeM^^y^WH I T 

EE^«»'hrs/7 p $ixS 0 ^tt, 
C«t ^jSj^fifeHi^SS^ 3 0 Sr«^.-5*-Cf±«EliWlEJR 
feMlR^^^^B LACKED !J7U^^r^/ 
S4 17. S420. S4 19-eY*ft±*OKyh^ 

*a3as«K*<xfc«. xf77 p 4i8^sttoxa* 

[0 0 5 2] jRU^7>f^:8o-C, ^T^7 9 S405 
■CKy hj6S*felB*^)i:#^fi, 5^ S 4 0 6 Mil 
Asxmm&&mm% # y^wH i tee^^ yr^, 

^ f s/ 7 P S 4 0 7 tiaifel*^ B L A 

CKE^?yh7y7 , ^6 0 r<Z>|§L ^f7^S4 
08. S4 0 9(I^^t, BLACKEtO^^yhl^ 
2 ^riLTt^77^EBFL^ir^ h £*VC, lo 

[0 0 5 3] ^777 P S4 12t77^EBFL^t^ 
h^tl^^CIt ^ry^S4 13-«iiRefeM 

i^^y^WH I TEE^^y FT77 P ^5o 

^7i//S 414, S 4 1 SldiS^T. WH I TE 

E^^7^>- hfflj&S 5WC4of:^iJ77^EWF L 

7 4 1 9{^jttfc 

[0 0 5 4] ^7^7 P 4 04t77^ f EWFL^t7h 
ZtlX^Zm&l*. ^T^7 P S4 10{li^\ iSigeli 

feji^^y^BLACKE^^y Htt£*:*:iij|ftll 

feMiftBLACKEMAX^^ltKS^o ::t'X 

$S<£>5ftE<£>^>r yJ:t^»)y h ^^blacke^b 

LACKEMAXi^^.lrtllH ^777 P S4 11 
TBLACKEMAXilBLACKE^Ailb^ 
tfcBLACKE^BLACKEMAXj:^>^Pi^ 
[I|JBLACKEMAX«^)^t-C% 0 

[0 0 5 5] »ci^±E(08fcixi^*t5i: < M^^S 
4 0 4 £*R<7)ttf£S:. 017 LfcBB#^«B«l*3 

(i) r-f j co#^ 
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^T^ta Ks> has*feW***afilB*a> 

S4 i 2-ii^ 0 mmm&mmn^^yEBF 

TEE^^- h£;ft<5 0 

[0 0 5 6] X8eafiIElRft^3 ofl«rtt^.S£ 

T\ ^r^/S4 1 7^^f>77 P S4 1 9lft^r^/ 10 

^4 1 7^^^ry7 p S4 1 8^iSA/-extt±»c(^7^ 

CKEMAX- 0(D^^T% C^ftffidSJElPfSttSr ^ 20 
[0 0 5 7] (2) jfeSEit* Tnj 

^fy/S40 3t77^EBFL > EWFL, & 
^!)y^BLACKE, WHITEE^UrJtl 
Tt^, ^rs/7 p S4 0 4iIill> o rOfe^SiS 
IV J <Dk$tmC< ^fy^S4 0 5. ^fy/S4 
12, ^r^/7 P S4 1 e^ST^fi/^S 4 1 7CI 
2k WHITEE^!)yFr7/L^^l»^i 

«»sjft«!)iSS^5c so 

[0 0 5 8] ro*aE«_t-ef*. XRafilBlMfc^3 0 

y^4 0 5^?,^7 l s'^S4 06lw»^ CC-eag^S 
feflff*;fr*l'*WH I TEE^ y T£*l5 0 yk<F>*"r 
yZfS 4 0 7T*affi»fe©*;fr*>'*B LACKED 

0 8. S 4 0 9 T\ 3 h «±©*ftW*^iilK Lfc 
#£\ /^fXT'tel/^ tt77^EBFL^t^ h£ 

40 

[0 0 5 9] afeW*^3g«t^«tt3ti:#. **ry7 

S4 0 5^^tf^f^7 p s4i2^5o 

7^EBF Lj&Hry h £*LT^<5fctf>. ^ry/S4 1 
3 t-ilAy-C^afe®^ 1? ^WH I T E E J*** * — 
h£ix, S 4 l 9tYftRW?y h^?yioot4 
fc>*>*Sil*±;fr'^ Sfel*^ltttSfBWHITEE 

MBttt^5fi«±t-*-5^. ^7^S414, S4 1 
5T77^EWFL^ty K £*t5 0 
[0 0 6 0] BULK J; 9 . U»«&ffttfc*l*SfE#m so 
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(Y^lft) *SB»^^-hd^aftiB*ig3ttW*>^. 

7^EWFLi5tjxhS^8tt, ^xy7 P S4 19Sr 
&Xfo<DY1§m\Z#o1Zt *^fi«^^y^S 4 0 4^ 
^fi/^S 4 1 OiCiftfro ^fs/7 P S4 10f(i^T 
>>^S 4 0 7-e5fct-#*>' h SiXfeB LACKECOig^ 

m&mmm. t m±mmm&mmm blackemax^ 
[0061] M&ffi rnj x&t&xmmm&mmfr^ 

£>tlfrk~rtl&. BLACKEMAX = OT^ofc^ 

^fjx^S4 11l:IA/t'BLACKE^l>yh 
fi^BLACKEMAXHAtlf)Wo 
[0 0 6 2] (3) i£3£«! r^Nj 

p t # <DmtSL& 2 tt^b ufc k # tc ± < 

&e>*b£mft-e. *i»«dsa<ftofc»^«ra*7>r^ 

i/^y^BLACKEM^yhTy^l^ BS^ffi^ 
4 0 5^f>S412, S4 13— ittf Q 

[0063] zzxkmn<D&&mm^^^xmifc& j & 

mmXZ^fWH I TEE(Oj7!)y hTy^dSBttS^ 

5**. te^W^fiaftBlR^SlltittASmicWtfJRfe 
lid&^O^ 77/EWF Lj5*"fcs> h $tt6C £ 
^fy/S419H^fy7 p S4 0 5-S40 

y^dSWHStbS. r<75«. BS<o±^MoTafeB*d5 

£0 

[0 0 6 4] (4) r^j <Dm& 

fe&m Taj (Ot#^SK^«:^<|R]--e*>5^ 
m<nmmtLit 4ot7r^S4 0 7^*5*+s 

BLACKE^^htt^l/\ HB<7} 
±oiSJ^afeiijm^Sg^^7^^^ , s 4 1 0. S4 11 
fcl*5^T, BLACKECOffi^gr^rigjgiMfeiilSISBL 
AC KEMAXOfli tt^^y 
[0 0 6 5] (5) T^j 

t-v^s 4 1 7-«i»afeM*»dS3 oiatti* 

[0 0 6 6 ] (6) ^® T^j 
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7^EBFL^t>7 hZtltz.'&X'rvys 4 0 5^^S 

»#<^ott)> ^fy/S404WS410^ 
jStf-tdS/«C<, t^iSIfeliSBLACKEMA 

[0 0 6 7] J^_htf)J: 5l-LX\ BB^ffilg^lt'tl^ 

mMm&mmmBLACKEMAxmm<7)MJjfa (y 

LACKEMAX^W, ^BBi^fr <b"<n$fc±J $ *t5 0 

[0 0 6 8] rk:, HtrfE^^sr^tB^tt^gs^-^ 
^jB^fc^ig^mco^cr— ami 8i:^^5 0 m 

1 7l/-ASI:^fy^S 7 £ < IC^O 

4^f^s4 i ir% bb*^— ^ ^ ur**:3iiBe 

IfeIitBLACKEMAXMfef)tl5o 
#SSl:BLACKE MA X 0O*;MfiM AXt S/J^fflM 

5 0 3T\ ft^iilft»felSlBlft^MAXffl[<>:M I Nfit&r 

mmm^^—^^xox^^^s 5 o s-e&BRim 
[oo69] mmm^mmmnm-m^mu^m vigi-n 

Mxlf3 7^A«g^tiN5^!:, I£ 

[0 0 7 0] *Jdfc«fcJ:*tf* BB*#aEflB*rtSr«*" 
ftfc:** LTig«*fiB*fctM«- 6 C i:iao TBB* 
SrKWii-SJ: ^BB^^BB^ffi^-^ 

#vto|»d*«H»*Jx-6. lK«BK£(ORt>. 2,£ 
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11d^**aE^^Bfi*#ffi««^R*^M«FP*^*S^ 
^Soti^J: 5*»&-efcBfi*#«Effi«^«F«dSE 

10 tiL&mZtlZo L^i^o-Cfe*^"ftt^Bfi3*#«E«« 
[0 0 7 1 ] 

«OB«#ffi«*rt*r«*ra^^ uri^*ftB** 
^^"Te r. t \z X oTK**lftffl-r *BB*»a*«*rK 
tf\ MMBBttm^»T*tt«fflStLfcBB*^iiJRIIfem* 
o*«c*<5i>r3HE««)HBBB*WBai-5 J: 5 1- Ufc** 
6 > BBBB««^ WBB*«*Mc 6 TOItlcnHfePtfe 

20 S«PBB*^ h^R^W^^wffild^WSrtStO 

[0 0 7 2] * fc < BB*#«E«*0«^l6ltt« 

It. flBt^BBSPft'Sr^tPwirds-e^s. tit, IffiHS 

ads«^*^t*»tf*^bBB*ff?t«*<0K^ds«WM 
30 M^6 0 S^^^iflS-CSSB^^SrSft^SC 
fcdS-C#S^6, BB*#aE««o»3e^jE»w-C#Si: 
vn5«/R^*>6. SfcM«B8«W*«a*BB*#?£«*<a 

[Hll] *»WofllrtSr^^niy^H-e*>«. 
[0 2] «tfl(OlittiSt^Ps'^Bt*)«, 
40 [0 3] A^littcoffiW^^^-tlft^BI-efceo 

[0 4 1 HJg^J^^flc^tt^y-r y7n- ^f7P 

[0 5] BB##4««^«ffl»^«t^«:^i-7c2--^ 

[0 6] BB*»ffi«*©«MKS^«*t*r*i"7o-^ 

[0 7] ««KStwi3*t6i®lft*aEC0RWH-CfeSo 

[0 8] mm^m(Dmm&&mmwcnm<Dmti^7jk't 

so [0 9] WMR^^itftafiiiilK^K^^fr^ 



(10) 



#Pl¥6 - 3 2 1 5 4 



17 



18 



[hi o] n*^motR«R£^ttdaft^^ 

[011] StHK^SIEttSr^-r^a-^ir- h^*> 
[IU1 3] «li8SO»tt^^t7n-^t- ht'fo 

[mi 4] BB*^«E«5Rtw*5it6B«*aEotttwig-e io 

[HI 5] BB3*tftffl^>aEttSr^i-7n— ^^r— ht^ 

[Hi 6] BS#«tti^SenSr^i-7n-^-^— K'fc 

[Hi 7] BBX4%ttttft£^0KnHl?*>S. 
[Hi 8] HIHK*Hl^««*:^i"7o— h-e*> 

[Hi 9] glR9W^lftWH-e*)S, 



[H20] A*H«^«*^"f-H-e*>a. 



C L 1 

C L 2 

C L 3 

C L 4 

CL5 

C L 6 

1 

3 

5 

7 

9 

1 1 

1 3 

1 5 

1 7 

1 9 



A/DSS«« 
MIHBBWSiJlBlK 



[HI] 



[02] 



CLI 

CL2 

CL3 

CL4 

CL5 

CL6 



S> -f ^ > 



A/Dgtftg 




HHEI499nB 



BB94MIB 



(11) 



#M¥6 - 3 2 1 5 4 



[03] 



[07] 



(0,0) 



(0,500) 



(520,0). 




(520.500) 



(0,0) 



(0,500) 



K (X=250) 




(520,500) 



[08] 



[09] 



C ) 

ry-4o"i — si oo 
, T" , 

IXL-250 XR=250| — S202 




IWXCR°WXCR-Ml -^<v~™>-- n 

i I7s206 *Y 

XR-XR+l K I XR -> XRM 
, . — s - 




yS213 _JL^ /-S216 
S2U 



|WXCL=WXCL+T 
I XL-XL- 1 Y I XL-> XLMI 




S217 



© 




S22I 



I OKL-0 OKR^0~H -S222 
i 



| Y -Y+l \ ~— S223 



10] 




(12) 



mm 3 ?- 6 - 3 2 1 5 4 



14] 



S5~ 



S6 



1 37 L>-A®« 



2fi<b 



E 



si 



S2 



-S3 



S4 



S7 



S8 



■S9 



T 

S6' 



(13) 



¥fffl¥-6 - 3 2 1 5 4 



Y-40 



[05] 



S100 



i 



$101 
S102 



WXCL,WXCR#«*!§o 
XH XLM.XRM 154* 




S104 
I 



WLCON=0 WRCON=0 
1STFLGL=0 STFLGR=Q 



WLCON -h O > h ~7v S107 

— JT^ — 



^XM_Xl«IB@ 



I 



ox&m X2 staa 



S108 



S109 



(14) 



[06] 




(15) 



- 32154 



II 1] 



[131 2] 



S30I 



S327 



BY2MAX-0 

XCHECK-X2-I0 

YCHECK-YL 



S302 



S328 



( 1 P-fc<PIE3S) 



s \ 05 r 




HECK<X2-?C 



S3p 



FLI-0 SYI-0 
BLACK" 0 BY2-0 



WHITE-0 I Y 
IBLACK-BLAO^TT 






S312 



S3I6 



9 , _ 

1 BLACK- Ot^ (9) 
JL S317 T 



S3I3 



S320 

["whTt efl^i / 





YT-BYl MAX— 40 
YB-BY I MAX* 1 0 



YT-BY2MAX-40 
YB-BY2MAX+10 



BY2" 
BY1- 



31 4] 



h H 

■ ■ t ■ 



I t I 



1 



-JOCC.YC) 



[017] 




(16) 



«MM¥6 - 3 2 1 5 4 



[13] 



1 5] 




S331 S330 

f 1 byh=byhTot 



1 BLACKX-0~V -S332 

— r 



S333 



XOX2 
(XOXX1) 
I 

YC-BYH ) — S334 
S335 




S336 



BLACKX= 
BLACKX+ I 



S337 



XOXC+1 
(XOXC-1) 





5U^CKX<] 
S3 ^^TY 



S339 
N 



MEGOFF- 
MEGOFF+ I 



S401 



S41S 



XECHECK=X 
YECHECK-YB 
BLACKErtAX-0 




S402 
ft S403 



EBFL-0 
EWFL-0 
BLACKE=0 
WH1TEE-0 



S419 



( 1 Q-fcPfflB) 



IWHITEE-Ol 

T 



S406 



BLaCke- 

BLACKE+ I 





EBFL-) j — S409 



© ® 




imi 9] 



(17) 



[016] 




(18) 



#H§¥6 - 3 2 1 5 4 



[Ell 8] 



I 
I 



5504 



Xtti M I Nffi J: Draw 

sbols v>« sifter * 



rata is 

1 



S7 




•S501 



S502 



-S503 



S9 



(19) 



%rffl¥-6 - 3 2 1 5 4 






